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Abstract – The winter diet of Saker Falcon Falco cherrug in the Mediterranean basin is unknown. Thanks to satellite tracking of two 
individuals from Hungary to Sicily, during winters 2012-13 and 2013-14 we identified the roost and collected 40 pellets. Pellet analysis 
allowed identification of 124 prey belonging to 29 taxa. Saker Falcons during winter shift their alimentation to insects and birds, with re-
spect to mammals in the breeding season, plundering from small beetles to rabbits. Insects, especially Orthoptera and Coleoptera, were 
the most frequent prey in both years, totalling the 66.9% of remains. Among vertebrates the Saker Falcons preyed upon birds (21.77%), 
mammals (5.65%) and reptiles (4.84%). The Rock Dove plus Feral Pigeons are the key-species of winter diet, representing the 45.78% of 
biomass ingested in the two years. Agricultural intensification and land abandonment is rapidly changing steppe-like habitats of Mediter-
ranean, and negatively affecting most potential prey of Saker Falcons. Conservation of this globally threatened species should consider al-
so anthropogenic pressures outside the breeding range, and implement agri-environment schemes in the more suitable wintering grounds.
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IntroductIon
Conservation efforts addressed only to part of the life-cy-
cle of migratory species may be inefficient, since pres-
sures occurring in areas or stages different from the breed-
ing ones may severely affect avian populations (Suther-
land 1996, Martin et al. 2007). For instance, in the Less-
er kestrel Falco naumanni, conservation of pre-migrato-
ry habitats has been argued as being vital as conservation 
of breeding areas (Sarà et al. 2014), because thousands of 
birds annually concentrate before migration, in small are-
as, whose condition and suitability may be critical for sur-
vival of entire local populations. For this reason, LIFE pro-
jects on Saker Falcon Falco cherrug, carried out between 
2007-2014 in Hungary, Slovakia, Romania and Bulgaria, 
involved also the detection of migration routes and over-
wintering areas of this globally threatened species listed as 
Endangered for IUCN in Birdlife International (2012) and 
Spec1 for Tucker & Heath (1994), aiming at implemen-
tation of concrete actions for its conservation outside the 
breeding range. The European population of the Saker Fal-
con breeds in Central and Eastern Europe, especially in the 
Pannonian Plain (Hungary) and in southern Ukraine. The 
Asian population is almost totally migratory, while the Eu-
ropean juveniles and adult Saker Falcons move to Africa 
in late summer and autumn after breeding (Bildstein et al. 
2000, Prommer et al. 2012). 
 Advances in animal tracking technologies, such as ge-
olocators and satellite tags, have recently allowed more de-
tailed investigations of the migratory ecology of many rap-
tor species, prompting the discovery of their wintering ar-
eas in Africa (Strandberg et al. 2010, Limiñana et al. 2012, 
Mellone 2013). Record of Saker Falcons overwintering in 
Italy was doubtful (Genero 1992). Nowadays, the species 
has been considered as a regular, although scarce, migrant 
with some probable overwintering in Southern Italy and 
Sardinia (Brichetti & Fracasso 2003a). Satellite tracking 
carried our within the Saker’s LIFE projects, unquestion-
ably proves the existence of a small contingent of individu-
als annually overwintering in Sicily. Preliminary analysis 
of habitat preferences showed that Saker Falcons choose 
steppe-like habitats of north-western and central Sicily to 
overwinter (Bondì et al. 2013). Diet of overwintering Sak-
er Falcons is virtually unknown (Cramp & Simmons 1980; 
Ferguson-Lee & Christie 2001), therefore in this contribu-
tion we provide first-hand data on the prey taken during 
winter in Sicily, and discuss our findings in the frame of 
conservation of this species.
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MAterIAls And Methods
The continuous satellite tracking of one adult individual 
during the 2012-13 winter, and of a second sub-adult dur-
ing the following 2013-14 winter allowed the identifica-
tion of the same roost, an Eucalyptus tree, and the collec-
tion of 40 pellets (20 per every year).
 Pellets were collected at the base of the tree, during 
visits carried out every two weeks from late October to 
early February. They were put in separate plastic bags to 
avoid mixing the material, and then dried in laboratory to 
avoid organic decay. They were further dry-dissected un-
der magnification using a Wild M5 Stereomicroscope. Di-
agnostic vertebrate and hexapod remains such as mandi-
bles heads, fragment of legs, aedeagus and elytra were iso-
lated. Legs, elytra, mandibles, etc. were paired with their 
partner, so that it was possible to count the minimum num-
ber of specimens in every pellet. Prey remains were identi-
fied, when possible at the species or genus level, by com-
parison with vertebrate and entomological collections hold 
in the Zoological Museum of Palermo University.
 Feathers remains allowed detecting the presence of 
both wild Rock Doves Columba livia and Feral Pigeons 
C. livia f. domestica. Nonetheless, we considered together 
these two taxa that actually live in mixed colonies (AA.
VV. 2008). We treated Black Sturnus unicolor and Com-
mon Starlings S. vulgaris in the same way, as they form 
mix flocks during winter.
 We took special care to recognition of insect frag-
ments, by comparing their small chitinous pieces with dis-
sected sample collections (Rizzo & Massa 1995) of spe-
cies commonly present in the study area (Massa 2011). 
Although identification was possible in many cases, some 
fragments remained unidentified and were assigned to the 
lowest possible taxonomic group. Body weight of prey 
species was obtained by Museum comparative collections 
and pertinent literature (e.g. Franco & Andrada 1977; Riz-
zo & Massa 1995; AA.VV. 2008). In addition, we stand-
ardized the body weight of some prey, using the minimum 
value reported for Wild Rabbit Oryctolagus cuniculus and 
the median value for Black Rat Rattus rattus (cf. Amori et 
al. 2008), likewise we cumulated the Rock Dove and Feral 
Pigeon weights and used their median value (cf. Brichetti 
& Fracasso 2003b).
 In order to evaluate annual differences in the diet, we 
used STATISTICA 10.0 (Statsoft inc.) to run Wilcoxon 
Matched Pairs tests. The Wilconxon’s T is a nonparamet-
ric statistic which was used to compare the average num-
ber of prey and the average meal consumed in one year 
with respect to the other year. To test for difference in bio-
mass and numerical frequency, the invertebrate and verte-
brate taxa were compared independently (e.g. PFI inverte-
brate 2012-13 vs PFI invertebrate 2013-14).
results 
Over two years and in 40 pellets, we found 124 prey of at 
least 29 vertebrate and insect taxa, representing a total bi-
omass of 9240.6 grams (Table 1). The average prey ± SE 
was 73.35 ± 35.87 grams and ranged from small beetles 
of 0.38 grams to Common Rabbits of 1000 grams. Insects 
were the most abundant prey in both years, totalling the 
67.7% of remains (Table 1). Among insect, the most fre-
quently groups preyed upon were Orthoptera (31.45%) and 
Coleoptera (19.35%), followed by Mantodea (13.71%) 
and Lepidoptera caterpillars (3.23%). Mantis religio-
sa and some orthopterans like Calliptamus barbarus and 
Eyprepocnemis plorans were frequently eaten (Table 1). 
Noticeably, the consumed insect biomass was negligible, 
and vertebrates were the dominant groups in preyed bio-
mass, with birds representing almost 56% of total biomass 
preyed upon in the two years of study, followed by mam-
mals (36.96%) and reptiles (6.18%). Among vertebrates 
the Saker Falcon preyed upon birds (21.77%), mammals 
(5.65%) and reptiles (4.84%). Rock Doves (including an 
unknown quota of feral Pigeons) were the most hunted 
prey among vertebrates representing the 45.78% of total 
biomass ingested in the two years. Other bird prey were 
Sturnus vulgaris and S. unicolor, Passer hispaniolensis, 
Galerida cristata and a Tringa sandpiper. Vertebrate prey 
other than birds were represented by reptiles (Natrix na-
trix, Chalcides ocellatus) and small mammals (Crocidura 
sicula, O. cuniculus and R. rattus). They were generally 
preyed in low numbers (range: 0.81-2.42% of total prey in 
Table 1), but some of them, like O. cuniculus or N. natrix, 
well contributed to total consumed biomass (32.46% and 
5.19%, respectively). The diet of the two Saker Falcons 
in the two different winters was quite constant, because 
annual differences were statistically not significant across 
the two winters (Table 2). This holds true when compar-
ing the numerical (PFI) and biomass (PBI) frequencies of 
the 16 insect taxa preyed upon during the two winters, as 
well as the PFI and PBI of the 13 vertebrate taxa; or even 
comparing the average number of prey per pellet and aver-
age meal in the total diet (Table 2). Therefore the numeri-
cal decrease of birds preyed upon in 2013-14 with respect 
to the former year (Table 1), which corresponded to a drop 
of the average meal (Fig. 1) proved not statistically signifi-
cant (Table 2). The perceived difference comes up simply 
by chance, or due to the small sample studied so far, and 
not from real diet variation across the two years.
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table 1. Number, numerical percentage (PFI), biomass in grams and biomass percentage (PBI) of prey species found in 40 Saker Falcon 
pellets during the two winters of study (2012-13 and 2013-14) in Sicily.
Blaps sp.
Carabidae indet.
Carabus morbillosus
Chrysomela sp.
Coleoptera indet.
Copris hispanus
Curculionidae indet.
Onthophagus sp.
Pentodon bidens
coleoPterA
Lepidoptera larvae 
lePIdoPterA
Mantis religiosa 
MAntoIdeA
Aiolopus strepens
Anacridium aegyptium
Calliptamus barbarus
Eyprepocnemis plorans 
Platycleis intermedia
orthoPterA
Aves indet.
Columba livia
Galerida cristata
Passer hispaniolensis
Sturnus unicolor/vulgaris
Tringa sp.
AVes
Crocidura sicula
Mammalia indet.
Oryctolagus cuniculus
Rattus sp.
MAMMAlIA
Chalcides ocellatus
Natrix natrix
Podarcis sicula
rePtIlIA
totAl PreY
0
0
3
1
0
0
0
0
8
12
0
0
5
5
3
6
8
5
0
22
4
9
1
1
3
1
19
0
0
2
0
2
1
2
0
3
63
1
2
1
0
1
2
1
1
3
12
4
4
12
12
0
0
5
9
3
17
1
6
0
0
1
0
8
1
1
1
2
5
1
0
2
3
61
1 
2 
4 
1 
1 
2 
1 
1 
11 
24
4 
4 
17 
17 
3 
6 
13 
14 
3 
39
5 
15 
1 
1 
4 
1 
27
1 
1 
3 
2 
7
2 
2 
2 
6
124
0.00
0.00
4.76
1.59
0.00
0.00
0.00
0.00
12.70
19.05
0.00
0.00
7.94
7.94
4.76
9.52
12.70
7.94
0.00
34.92
6.35
14.29
1.59
1.59
4.76
1.59
30.16
0.00
0.00
3.17
0.00
3.17
1.59
3.17
0.00
4.76
100.00
1.64
3.28
1.64
0.00
1.64
3.28
1.64
1.64
4.92
19.67
6.56
6.56
19.67
19.67
0.00
0.00
8.20
14.75
4.92
27.87
1.64
9.84
0.00
0.00
1.64
0.00
13.11
1.64
1.64
1.64
3.28
8.20
1.64
0.00
3.28
4.92
100.00
0.81
1.61
3.23
0.81
0.81
1.61
0.81
0.81
8.87
19.35
3.23
3.23
13.71
13.71
2.42
4.84
10.48
11.29
2.42
31.45
4.03
12.10
0.81
0.81
3.23
0.81
21.77
0.81
0.81
2.42
1.61
5.65
1.61
1.61
1.61
4.84
100.00
0.0
0.0
1.5
0.7
0.0
0.0
0.0
0.0
5.6
7.8
0.0
0.0
7.5
7.5
1.1
8.4
4.6
3.0
0.0
17.2
400.0
2538.0
40.0
30.0
225.0
80.0
3313.0
0.0
0.0
2000.0
0.0
2000.0
30.5
480.0
0.0
510.5
5856.0
0.5
1.0
0.5
0.0
0.7
1.4
0.7
0.7
2.1
7.6
4.0
4.0
18.0
18.0
0.0
0.0
2.9
5.4
4.2
12.5
100.0
1692.0
0.0
0.0
75.0
0.0
1867.0
9.0
20.0
1000.0
386.0
1415.0
30.5
0.0
30.0
60.5
3384.6
0.5
1.0
2.0
0.7
0.7
1.4
0.7
0.7
7.7
15.4
4.0
4.0
25.5
25.5
1.1
8.4
7.5
8.4
4.2
29.7
500.0
4230.0
40.0
30.0
300.0
80.0
5180.0
9.0
20.0
3000.0
386.0
3415.0
61.0
480.0
30.0
571.0
9240.6
0.000
0.000
0.026
0.012
0.000
0.000
0.000
0.000
0.096
0.133
0.000
0.000
0.128
0.128
0.019
0.143
0.079
0.051
0.000
0.293
6.831
43.340
0.683
0.512
3.842
1.366
56.575
0.000
0.000
34.153
0.000
34.153
0.521
8.197
0.000
8.718
100.000
0.015
0.030
0.015
0.000
0.021
0.041
0.021
0.021
0.062
0.225
0.118
0.118
0.532
0.532
0.000
0.000
0.086
0.160
0.124
0.369
2.955
49.991
0.000
0.000
2.216
0.000
55.162
0.266
0.591
29.546
11.405
41.807
0.901
0.000
0.886
1.788
100.000
0.005
0.011
0.022
0.008
0.008
0.015
0.008
0.008
0.083
0.167
0.043
0.043
0.276
0.276
0.012
0.091
0.082
0.091
0.045
0.321
5.411
45.776
0.433
0.325
3.247
0.866
56.057
0.097
0.216
32.465
4.177
36.957
0.660
5.194
0.325
6.179
100.000
2012-13 2013-14 total
Biomass Biomass BiomassPFI PFI PFIPBI PBI PBIn n n
dIscussIon
During the breeding season, the most common prey of 
Saker Falcons is Suslik Spermophilus citellus, a very abun-
dant rodent of eastern European plains (Baumgart et al. 
1991, Cramp & Simmons 1980, Puzovic 2008, Watson & 
Clarke 2000). Frequency of Suslik can be very high, rang-
ing from 73% (Cramp & Simmons, 1980) to 93% of to-
tal food remains (Baumgart 1971). However, some Saker 
Falcon pairs can opportunistically prey upon much more 
birds (83%) than mammals (17%) outside the Suslik range 
(Bagyura et al. 2004). In all aforementioned works insects 
do not take part in Saker Falcon diet.
 Data of winter diet of Saker Falcon are virtually absent 
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in ornithological literature. Cramp & Simmons (1980) re-
ported only a few spare data about winter quarters in India, 
where lizards and frogs formed most of diet. Issaka & Bou-
wer (2013) recorded only birds and beetles remains in just 
one pellet of a Saker Falcon overwintering in Niger. 
 Although from a limited sample, our findings show 
that during winter in Mediterranean areas, Saker Falcons 
change their alimentation feeding on birds and insects. It 
is not unusual that raptors shift their prey choice during 
wintering or migration times (Arroyo et al. 1995, Yanez et 
al. 2013), opportunistically taking advantage of the most 
abundant taxa available in the wintering grounds. Wild 
Rock Doves and Feral Pigeons are very common in Sic-
ily (AA.VV. 2008), and represent the key-species of Saker 
Falcon during winter, as occurs for other Falcons (Daw-
son et al. 2011). Orthopterans and beetles active during 
winter form a significant complement of winter diet, due 
to their nutritional value recognized also for large animals 
(e.g. Redford & Dorea 1984, Deblauwe & Janseen, 2008). 
Other species of Sicilian steppe-like habitats, such as win-
tering passerines and waders, or reptiles and small mam-
mals, although limited in frequency, may provide further 
important contributes to the diet due to their biomass. In-
terestingly Saker Falcons do not rely upon the Savi’s Vole 
Microtus savii, a common semi-diurnal mammal in Sicily 
(AA.VV. 2008), which, although smaller (15-25 vs 250-
300 g), is ecologically equivalent to the Suslik or to other 
voles consumed elsewhere in the range during the breed-
ing season (cf. Watson & Clarke, 2000). We argue whether 
Saker Falcons rarely prey upon the Savi’s Voles for eco-
Figure 1. Box and whisker plot of average meal (biomass consumed per every pellet, as reported in Table 2) by Saker Falcons during the 
two winters of study (2012-13 and 2113-14) in Sicily. 
table 2. Main parameters of Saker Falcon diet comparing by Wilcoxon’s T statistic two overwintering seasons in Sicily.
a) Insect prey taxa (n = 16)
Numerical frequency (PFI)
Biomass frequency (PBI)
b) Vertebrate prey taxa (n = 13)
Numerical frequency (PFI)
Biomass frequency (PBI)
c) Total taxa (n = 29)
Average n prey per pellet
Average biomass per pellet
55
35
35
37
59
44
3.87 ± 1.20 (0 - 12.3)
0.03 ± 0.01 (0 - 0.14)
2.93 ± 1.09 (0 - 14.3)
7.65 ± 3.94 (0 - 43.3)
3.15 ± 0.61 (1 - 10)
292.84 ± 72.0 (0.7 - 1240)
4.61 ± 1.38 (0 - 19.7)
0.08 ± 0.03 (0 - 0.53)
2.02 ± 0.72 (0 - 9.8)
7.60 ± 4.21 (0 - 50.0
3.05 ± 0.60 (1 - 9)
169.22 ± 52.80 (0.5 - 1000)
0.50
0.09
0.46
0.55
0.93
0.12
t2012-2013 2013-2014 p
450
400
350
300
250
200
150
100
50 2012-13 2013-14
Av
er
ag
e M
ea
l B
iom
as
s (
gr
.)
Mean
Mean ± SE
Mean ± 1,96*SE
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logical-behavioral reasons, or because they are becoming 
scarce years after year in some steppe-like habitats of Sic-
ily, pursuing the destiny which is occurring to farmland 
bird species (Rete Rurale Nazionale & LIPU 2014). 
 Expansion of the European Union and its common 
market is currently driving agricultural intensification; 
and the Common Agricultural Policy is causing vast land-
scape-scale changes (Pe’er et al. 2014). According to 
Balmford et al. (2009), intensification of farming practices 
in flat and coastal areas and abandonment of less produc-
tive and marginal lands represent the main threats of agri-
culture on wildlife. These two opposite trends are rapidly 
changing friendly-to-wildlife farming systems (Brambilla 
et al. 2008). Land abandonment causes open habitat en-
croachment, which in turn alters bird community patterns 
(Sirami et al. 2008). This seems occurring not only in the 
European Union area; as for instance, across large areas 
of Kazakhstan, Watson & Clarke (2000) recorded that tall 
grasslands created by abandonment of grazing reduced the 
abundance of Susliks, which in turn affected the breeding 
success of Saker Falcons. 
 On the other hand, intensive farming in Mediterrane-
an agro-ecosystems is affecting bird communities (Sirami 
et al. 2008) and insect diversity (e.g. Zamora et al. 2007), 
thereby producing a substantial reduction of biodiversity 
(Siebert 2004), through simplification of crop rotations or 
replacement by monocultures. In Sicily, vine monocul-
tures are unfavourable habitats for bats (Di Salvo et al. 
2009) and Lesser Kestrels (Sarà 2010), as well as in Spain 
for owls (Moreno-Mateos et al. 2011). Increased chemical 
inputs, a further aspect of intensification reduce inverte-
brate availability, and negatively affect populations of in-
sectivorous raptors (Ortego et al. 2007). 
 Thus, agricultural intensification and land abandon-
ment of steppe-like habitats posit a further threat for Saker 
Falcons and other raptors wintering in Southern Italy, po-
tentially driving the population crash of some wild prey, 
like Rock Doves and overwintering insects in the next fu-
ture. Conservation planning should therefore implement 
concrete actions, through for instance agri-environmental 
schemes deployed at landscape scale and among collabo-
rative farmers (McKenzie et al. 2013, Pe’er et al. 2014) in 
the main overwintering areas of the Saker Falcons.
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